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Abstract
The Mars Exploration Rover Opportunity investigated plains at Meridiani Planum, where laminated sedimentary rocks are 
present. The Opportunity rover’s Athena morphological investigation showed microstructures organized in intertwined 
filaments of microspherules: a texture we have also found on samples of terrestrial (biogenic) stromatolites and other 
microbialites. We performed a quantitative image analysis to compare images (n=45) of microbialites with the images (n=30) 
photographed by the rover (corresponding, approximately, to 25,000/15,000 microstructures). Contours were extracted and 
morphometric indexes were obtained: geometric and algorithmic complexities, entropy, tortuosity, minimum and maximum 
diameters. Terrestrial and Martian textures present a multifractal aspect. Mean values and confidence intervals from the 
Martian images overlapped perfectly with those from the terrestrial samples. The probability of this occurring by chance is 1/28, 
less than p<0.004. Terrestrial abiogenic pseudostromatolites showed a simple fractal structure and different morphometric 
values from those of the terrestrial biogenic stromatolite images or Martian images with a less ordered texture (p<0.001). Our 
work shows the presumptive evidence of microbialites in the Martian outcroppings: i.e., the presence of unicellular life on the 
ancient Mars.
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1. Introduction
The Mars Exploration Rover “Opportunity” investigated 
the landing site in Eagle crater and the nearby plains within 
Meridiani Planum where flat-lying sedimentary rocks are 
present. These rocks are finely laminated, are rich in sulfur, 
and contain abundant sulfate salts. Small-scale cross-
lamination provided evidence for deposition in shallow 
flowing liquid water [1]. 
Although not without controversy [2], microbialites, such 
as stromatolites, are often interpreted as the oldest evidence 
of life on Earth [3-6]: an interpretation predicated on the 
assumption that these rocks are formed by microbial mats 
trapping, binding and/or precipitating minerals. 
As regards microstructures in stromalites, Walter 
highlighted a great variety of microfabrics, reporting ribboned, 
striated and lumpy types, and showing that these microfabrics 
are due to micro-laminated sequence that could be distinct in 
diffuse or massive [7]. In recent view, stromatolites have been 
defined as “macroscopically layered authigenic microbial 
sediments”, namely organosedimentary rocks. The term 
thrombolites [8] was given for not-layered-generally clotted 
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similar rocks, while microbialites is a more general term 
given for rocks of microbial origin. A further distinction 
in dendrolite, thrombolite, stromatolite and leolite, was 
suggested by considering the internal mesostructures [9]. A 
particular case, with some doubt, given by the occurrence 
of similar precipitates in an abiogenic crust, identified in 
both Precambrian and Phanerozoic sediments and made 
by interlayered or mixed biogenic and abiogenic materials 
(Hybrid Crust, [10]), was evidenced by several Authors 
[11, 2]. Given the wide presence and the relevant role of 
cyanobacteria in organosedimentary rock formations, all 
these varieties could be seen as structural differences of the 
classical defined stromatolites/microbialites. 
Biogenicity, as suggested by Riding [12], is structurally 
characterized by the occurrence of fine-grained microfabric, 
clotted, peloidal or filamentous patterns in micritic and 
irregular layering. Occurrence of intertwined filaments has 
also been reported in a recent study on gypsum stromatolite 
[13]. The widespread occurrence of peloidal structures 
is generally attributed to bacterial activity, particularly 
in Precambrian and within salt/sulphate rich water 
environment [14]. Stromatolites are also a frequently named 
target of life-detection missions on Mars [15-20]. 
We have previously observed that images of Martian 
outcroppings (selected frames from images obtained by 
Opportunity and Spirit rovers), present macro-, meso- and 
microstructures that resemble terrestrial stromatolites/
microbialites (Fig. 1) [21,22].
In a work by Wagstaff and Corsetti, a complexity 
comparison between the samples of terrestrial stromatolites 
26 
Figure 1. Fig. 1.  Mars: Mi rover images: A selection of MI rover images showing occurrence of spherules of various dimensions, from macroscopic (top) to 
microscopic (below) levels. Microspherules are assembled in filament arrays (below). 
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(biogenic and abiogenic pseudostromatolites) and four 
Martian samples photographed by the rover Opportunity 
found no identification with terrestrial, biogenic, 
stromatolites [23]. 
In order to assess the real occurrence, or not, of 
stromatolites/microbialites on Mars, we have carried out an 
extensive visual investigation of sedimentary microstructures 
and a quantitative, objective, image analysis to compare, at 
the same scale of observation, images of terrestrial, biogenic, 
stromatolites and other microbialites, fossils and living ones 
(forty-five images) with a selected set of microscopic images 
(MI Athena, [24]) obtained by the rover Opportunity on Mars 
(thirty images). 
2. Materials and methods
2.1. Samples 
As regards Martian sediments, this study undertakes a 
systematic analysis of black and white Microscopic Images 
(MI) obtained by Athena (Fig. 1), a camera mounted on the 
NASA Mars Exploration Rovers (MER) “Opportunity” and 
“Spirit” [24]. The field of view of Athena is 1024*1024 pixels 
in size and its optics provides a square frame of 32 mm of-
Table 1.  Sampled images: Martian samples photographed by Opportunity and terrestrial (biogenic) stromatolites or other microbialites selected 
by WEB sites or photographed by us at the Regional Museum of Natural Sciences, Turin or provided by E.M. Farias (Conicet, Argentina).
23 
Table 1 
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field sampling at the working distance of about 63 mm from 
the front of the lens barrel to the object plane, consequently 
having a resolution of about 30 micrometers [24]. In 
particular, twenty-three selected MI images obtained by the 
rover Opportunity have been chosen (Table 1, column 4) 
and thirty samplings have been obtained (amplified cuttings 
of the original images; Table 1, column 2), approximately 
corresponding to the presence of 15,000 microspherule/
intertwined filaments. 
These cuttings, having dimensions of about ¼ of the 
original images (8-12 mm), were subjected to a slight contrast 
increase (Microsoft Publisher software) for an optimal vision 
of the microstructures. The thirty studied cuttings were 
related to polished surfaces by MER’s Rock Abrasion Tool 
(RAT) or to exposed surfaces of the Martian outcroppings. 
As regards terrestrial microbialites, fossil stromatolites 
and other (living) microbialites  unambiguously determined 
as biogenic, twenty quoted images (images released by the 
WEB, including one sample photographed by Athena on 
Earth, samples photographed by us at the Regional Museum 
of Natural Sciences, Turin, and living microbialites from 
E.M. Farias collection) were used (Table 1, column 8). Forty-
five samplings (9 samplings from recent/living microbialites, 
15 samplings from the three stromatolites photographed by 
us, the others from the WEB) were obtained (corresponding 
to approximately 25,000 microspherules/ filaments) (Table 
1, column 6). They have been acquired, magnified, and 
processed in order to obtain the same (± 10%)  magnification, 
resolution, and acutance of the Athena imagery. They were 
analyzed using the same procedures of the Martian images. 
Previously, photos of stromatolites from museum samples 
(University of Calabria, Italy) have been obtained to test 
image samplings at various conditions in order to standardize 
the procedures. The color images were transformed in grey 
shades (Fig. 2).
Ten images from samples of terrestrial abiogenic 
pseudostromatolites (speleothems: alabaster, amethyst 
geode, chalcedony, malachite, see Fig. 10) and of a synthetic 
pseudostromatolite (sample from McLoughlin et al., 2008, 
see Fig. 9) were processed and analyzed using the same 
27 
Figure 2 Fig. 2.  Earth: living stromatolites: A colour image of a living microbialite (top), transformed in grey shades (below, left), a 1-cm-length portion is 
enlarged and  defocused (gaussian filter) (below, right), in order to obtain the same (± 10%) magnification, resolution and acutance  of the 
Athena Imagery system (Opportunity Rover, Mars). Carbonatic microbialite, made by extremophiles, from thalassic wetlands (La Brava, Salar 
de Atacama, Chile). Sample provided by E.M. Farias (CONICET, Argentina).
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procedures as above. 
2.2. Image analysis 
The contours present in the terrestrial and Martian 
images (biogenic microbialites and selected images shot by 
Opportunity) were automatically extracted from the images 
and converted to single pixel outlines by a canny-edge 
filter (Digital Image Magnifier software by Strikos Nikolaos: 
http://www.softoxi.com/digital-image-magnifier.html), 
(fixed sigma and low threshold values, equals to 0.9 and 12, 
respectively) (Fig. 3). 
The obtained textures were characterized by analyzing 
their geometrical complexity, Entropy (Information 
Dimension), algorithmic complexity (L-Z, randomness), 
and tortuosity (Dmin). Minimum and maximum diameters 
of the microspherules were also measured. 
2.2.1. Geometric Complexity, D0 
To evaluate the geometric complexity of the patterns, 
the local fractal dimension was measured using the box-
counting algorithm (scales: 200-10 pixels = 2 mm - 0.1 mm 
and 10-5 pixels = 0.1mm - 0.05 mm; see Fig. 4). Briefly, 
each image was covered by a net of L square boxes, and the 
number of boxes containing any part of the outline Nb(L) 
was counted. The slope of the log-log plot of Nb(L) vs. 1/L 
represented the fractal dimension of the distribution (Fig. 4, 
[25]. The existence of log-log straight lines (p<0.001) justified 
the use of the fractal analysis, applied here as a tool to obtain 
the morphometric indexes. The method was validated 
by measuring computer-generated Euclidean and fractal 
shapes of known fractal dimensions (Circumference = -0.7%; 
28 
Figure 3 Fig. 3.  Earth vs. Mars: Terrestrial sample of a microbialite (stromatolite, sample 28, Table 1, top, left) and its automatically extracted contours (top, 
right); a Martian sample photographed by Opportunity Rover (sample 17, Table 1, below, left) and its automatically extracted contours (be-
low, right). Magnification is the same (±10%). 
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Square = +0.4%; Triadic Koch island = -0.9%; Sierpinski’s 
Triangle = -1.5%). 
2.2.2. Entropy (Information Dimension, D1) 
To evaluate the information present in the patterns, the 
information dimension (entropy, D1), a robust estimate from 
a finite amount of data that gives the probability of finding a 
point in the image, was calculated. The set was covered with 
boxes of linear size, d, from 200 to 10 pixels and from 10 to 5 
pixels as above, keeping track of the mass, mi (the amount 
of pixels) in each box, and the information entropy I(d) 
from the summation of the number of points in the i-th box 
divided by the total number of points in the set multiplied 
for its logarithm [26] was measured. The slope of the log-log 
plot of Information entropy vs. 1/box side length represented 
the information dimension of the distribution. The method 
was validated by measuring computer generated Euclidean 
and fractal shapes of known information dimensions. The 
existence of log-log straight lines (p<0.001) justified the use 
of the fractal analysis, applied here as a tool to obtain the 
morphometric indexes. 
2.2.3. Algorithmic complexity (“randomness”, L-Z) 
To determine the algorithmic complexity (“randomness”) 
of the patterns, relative Lempel-Ziv, L-Z, values were 
calculated according to the Kaspar and Schuster algorithm 
[27] using the Chaos Data Analyzer version 2.1 software 
package (CDA Pro, Academic Software Library, North 
Carolina State University, USA). Briefly, patterns of the 
original image were transformed into 16,732 points 
containing one dimensional vector, where each datum point 
was converted into a single binary digit according to whether 
the design is touched (=1) or not (= 0). Relative L-Z value is 
close to 0 for a deterministic equation, close to 1 for totally 
destructured random phenomena. 
2.2.4. Tortuosity (Dmin) 
Tortuosity, or the fractal dimension of the minimum path, 
Dmin, was computed for each cluster present in the image 
from the power law Ic = rDmin, where Dmin is the exponent 
that governs the dependence of the minimum path length 
between two points (Ic) on the Pythagorean distance (r) 
measured between them. To obtain Dmin, the maximum 
diameter and the half perimeter of the microstructures 
present in the textures were measured using an automated 
procedure (Image Pro Plus software, Media Cybernetics, 
USA). For each image, 100-500 microstructures were 
measured. The slope of the log-log plot (maximum diameter 
vs. perimeter) represented Dmin. The existence of a log-log 
straight line (p<0.001) justified the use of the fractal analysis 
29 
Figure 4 Fig. 4.  Earth vs. Mars: Left, log-log plot of a terrestrial sample of a biogenic stromatolite (sample 28, Table 1: the same of  Fig. 3), and of a Martian 
sample photographed by the Opportunity Rover, right (sample 17, Table 1: the same of Fig. 3). Both the samples are multifractals, as evi-
denced by the presence of two straight lines with different slopes. Please, note the remarkable similarity of the two log-log plots (Earth/
Mars) and of its critical exponents (geometric complexities or local fractal dimensions by box-counting). Magnification is the same (±10%). 
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in order to obtain the morphometric index. The method was 
validated with the original one by Hermann and Stanley [28] 
with a maximum shift of ± 3%.
Geometric Complexity and Information Dimension were 
automatically calculated using the Benoit 1.3 software, 
(TruSoft Int’l Inc: http://trusoft-international.com/benoit.
html). Algorithmic complexity and Dmin were calculated 
using a software written by us. All these four methods are 
routinely performed by one of us in biomedical works [29-33]. 
Minimum and maximum diameter of the microspherules 
(Earth and Mars) were automatically measured by the Image 
Pro Plus software (Media Cybernetics, USA).
 
2.3. Statistical Analysis 
Mean intra- and inter-observer coefficients varied <2.0% 
and <3%, respectively. Comparisons between the groups 
were analyzed by the Mann-Whitney U test and chi-square 
test; t-test was applied in order to verify the linearity of the 
log-log plots. 
3. Results
3.1. Earth vs. Mars: visual analysis
In the visual analysis, amplified image samplings (Table 1, 
Figs. 5-7), from Earth (stromatolites and other microbialites) 
as well from Mars (images photographed by Opportunity), 
reveal: 
1)  a continuum pattern of microspherules aggregations, 
dimensions of about 0.1 mm – 0.3 mm;   
30 
Figure 5 Fig. 5.  Earth vs. Mars: A sequence of images from the rover MI imagery (on the right) in comparison with a terrestrial stromatolite (on the left), 
original images and samplings: see Table 1. Note the similarities of textures made by a mat of microspherules (bottom, right and left) when 
observed at the same magnification and resolution. 
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2)  microspherules aggregations in elongated linear 
settings (intertwined, concentric, filaments); 
3)  a tangle of linear settings separated by large widespread 
void spaces; 
4) microspherules with different grey tonalities; 
5)  different degrees of intertwined microstructures, from 
less ordered to very ordered microstructures (aligned 
side by side). 
It is remarkable that such Earth/Mars parallels were found 
using WEB images as well as microbialites/stromatolites 
samples (Figs. 5-7; Table 1). On Earth, these reports are 
prevalently referred to the evaporitic environment, where 
the microspherule filaments are known as peloids [7, 12, 14, 
34-36].
3.2. Earth vs. Mars: morphometric analysis
The morphometric analysis reveals that both textures, from 
microbialites (Earth) and from selected MI images (Mars), 
present a multifractal aspect, as revealed by the two straight 
lines in the log-log plot (Fig. 4). Two textures are present: the 
texture as a whole (200 - 10 pixels, corresponding to 2 mm - 
31 
Figure 6 Fig. 6.  Earth vs. Mars: Microtextures made by microspherules aggregated in chaotic intertwined filaments (above: a recent stromatolite, Lagoa 
Salgada, Brazil; below: an image obtained by Opportunity on Mars). Note the remarkable microtextural  similarity between them (white bar 
scale: the same for both). Magnification, resolution and acutance were the same, fixed at the data of the Martian Rover. 
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0.1 mm) and the microstructure inside the microspherules 
and the intertwined filaments of microspherules (10-5 
pixels, corresponding to 0.1 mm - 0.05 mm). 
The morphometric analysis also shows that  the Martian 
and terrestrial textures were extremely similar to each other; 
the average values and confidence intervals of the eight 
independent morphometric parameters of the terrestrial 
and Martian images perfectly overlapped with each other 
(Table 2, Fig. 8). 
In these eight separate comparisons, the probability of 
this occurring by chance  is 1/28, less than p<.004. 
3.2.1. Abiogenic pseudostromatolites   
Abiogenic pseudostromatolites (speleothems and 
synthetic ones) showed changing morphometric indexes 
according to their origins, having in common a less ordered 
pattern (higher Lempel-Ziv index), higher geometric 
complexity, entropy, and tortuosity than those of the 
terrestrial biogenic stromatolite images or Martian images 
(p<0.001, p<0.01, p<0.01, p<0.01) (Table 3).
Abiogenic pseudostromatolites presented a simple fractal 
structure (at every tested length scale, the microstructure 
repeats itself perfectly, as indicated by the single linear log-
log plot; Figs. 9 and 10).  
4. Discussion 
The search of life on Mars, in the present or in the past 
history of the planet, is the main motivation behind the 
research programs since the ‘seventies’ on the Martian 
surface. The first images highlighting the evidence for past 
liquid water on Mars were carried out by orbital images from 
Mariner 9 [37]. Then, Mars Observer Camera [38] and Mars 
Reconnaissance Orbiter [39] provided new images of past 
32 
Figure 7 Fig. 7.  Earth vs. Mars: Images of a fossil stromatolite (left), of  a living microbialite (center) and of a Martian laminated sediment (right), at the same 
magnification and resolution. Microspherules assembled in filament arrays are present in every image. Magnification, resolution and acu-
tance were the same, fixed at the data of the Martian Rover.
Table 2.  Earth vs. Mars, morphometry: Eight different morphometric indexes of microspherule/intertwined filaments of microspherules were 
obtained from 45 terrestrial microbialite images and 30 Martian images, corresponding to approximately 25,000/15,000 microstructures 
analyzed. Mean values (standard deviation). Note the remarkable similarity of the Earth/Mars indexes: the probability of this occurring by 
chance is 1/28, less than p<0.004. 
24 
Table 2                                                                                                  
 
                                        EARTH/ Mean (SD)         MARS/ Mean (SD) 
 
Geometric  Complexity, High scale 1.817 (0.023) 1.812 (0.018) 
Geometric  Complexity, Low scale 1.483 (0.070) 1.478 (0.071) 
Information Entropy, High scale 1.876 (0.012) 1.874 (0.006) 
Information Entropy, Low scale 1.421 (0.050) 1.436 (0.046) 
Randomness (Lempel-Ziv index) 0.458 (0.045) 0.468 (0.042) 
Tortuosity (Dmin) 0.777 (0.01) 0.775 (0.01) 
                                                                  
Minimum diameter (mm) 0.077 (0.002) 0.078 (0.002) 
Maximum diameter (mm) 0.2066 (0.003) 0.2068 (0.003) 
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fluvial networks on its surface, present a long time ago. Our 
knowledge on Mars has increased remarkably after the last 
NASA missions, especially those called Mars Exploration Rover 
(MER, Opportunity and Spirit rovers) which have been held 
since 2004 and still ongoing on the Mars landscape. Indeed, 
photographs realized by the Martian Rovers confirmed the 
presence of water deposits on the surface of Mars [1, 24]. 
The presence of water is a prerequisite for the search 
for life, but, of course, it does not prove the presence of life 
itself. The search on Mars of extraterrestrial microorganisms 
and, in particular, of cyanobacteria, the main building 
materials of terrestrial stromatolites and other microbialites, 
has been suggested by many Authors beginning from the 
famous discovery of the Martian meteorite, ALH84001 [40]. 
This biological approach was further suggested by some 
intriguing images of the Martian surface photographed 
by the Rover Opportunity,  showing a set of rocks partially 
covered by a dark shiny patina, close to the terrestrial “Desert 
Varnish” probably formed, suggested some Authors,  “by the 
same bacteria that built stromatolites on Earth” [41]. 
A century of research on stromatolites and other 
microbialites has revealed diverse fabrics and many 
structures together with a contentious history and various 
definitions [9]. In a general view, stromatolites are the 
Table 3.  Abiogenic stromatolites vs. Biogenic stromatolites and Martian samples: Nonlinear values are statistically different in the abiogenic (pseu-
do)stromatolites in comparison to the biogenic stromatolites or Martian samples. Mean values (standard deviation).
25 
Table 3.  
                           Biogenic stromatolites    Martian samples       
Pseudostromatolites 
      
Lempel-Ziv index 0.458 (0.045) 0.468 (0.042) 0.670 (0.13)*** 
Geometric complexity, 
high and low scales 
1.82 (0.02)/1.48 (0.07) 1.81 (0.02)/1.48 (0.07) 1.90 (0.03) ** 
Entropy, 
high and low scales 
1.88 (0.01)/1.42 (0.05) 1.87 (0.01)/1.44 (0.05) 1.92 (0.03)** 
Tortuosity 0.78 (0.01) 0.77 (0.01) 0.84 (0.06)** 
P  n.s. ***p<0.001, **p<0.01 
33 
Figure 8 
Fig. 8.  Earth vs. Mars morphometry: Texture indexes obtained from terrestrial microbialites (Earth) and from Martian images (Mars). Forty-five ter-
restrial microbialite images and thirty Martian images, approximately corresponding to 25,000/15,000 microstructures analyzed. Note the 
remarkable similarity of the obtained indexes (Earth/Mars).
25 
Table 3.  
                           Biogenic stromatolites    Martian samples       
Pseudostromatolites 
      
Lempel-Ziv index 0.458 (0.045) 0.468 (0.042) 0.670 (0.13)*** 
Geometric complexity, 
high and low scales 
1.82 (0.02)/1.48 (0.07) 1.81 (0.02)/1.48 (0.07) 1.90 (0.03) ** 
Entropy, 
high and low scales 
1.88 (0.01)/1.42 (0.05) 1.87 (0.01)/1.44 (0.05) 1.92 (0.03)** 
Tortuosity 0.78 (0.01) 0.77 (0.01) 0.84 (0.06)** 
P  n.s. ***p<0.001, **p<0.01 
25 
Table 3.  
                           Biogenic stromatolites    Martian samples       
Pseudostromatolites 
      
Lempel-Ziv index 0.458 (0.045) 0.468 (0.042) 0.670 (0.13)*** 
Geometric complexity, 
high and low scales 
1.82 (0.02)/1.48 (0.07) 1.81 (0.02)/1.48 (0.07) 1.90 (0.03) ** 
Entropy, 
high and low scales 
1.88 (0.01)/1.42 (0.05) 1.87 (0.01)/1.44 (0.05) 1.92 (0.03)** 
Tortuosity 0.78 (0.01) 0.77 (0.01) 0.84 (0.06)** 
P  n.s. ***p<0.001, **p<0.01 
(419~433)14-047.indd   428 2014-12-31   오후 12:53:15
429
Giorgio Bianciardi    Opportunity Rover’s image analysis: Microbialites on Mars? 
http://ijass.org
result of a dynamic balance between sedimentation and 
intermittent lithification of cyanobacterial mats. They could 
be seen as the result of four main genetic components: 
biological-non skeletal; biological-skeletal; mechanical 
clastic and chemical [5, 42]. When stromatolites grow 
without the aid of sedimentation and in quite waters, 
they essentially become microlaminated and flat, as a 
biovarvite [43], in a condition that we could also expect in 
the last surficial deposits on Mars. Most of microbialites and 
stromatolites are carbonate in composition, but siliceous, 
phosphatic, iron, manganese, and sulphate examples 
also occur [9]. In this frame, the outcroppings on Mars 
surface at Meridiani Planum subjected to moderate-low 
diagenesis, the sulphate laminated sediments intercalated 
somewhere by clay containing a little amount of carbonate 
and hematite nodules [44], represent an interesting field for 
microstructure/textures investigations. 
In this paper, a tangle of microspherule and intertwined 
filaments (Table 1, samplings, textures shown on Figs. 1-3, 
5-7) has been evidenced on the Martian sediments (also 
described in an our previous work [21]:) a textural pattern 
that is also present in living microbialites as well in recent 
and fossil stromatolites [12-14, 45, 46] (Figs. 5-7). In effect, 
the tendency of microspherules (as oolites and peloids) 
to aggregate in more complex arrays was proved as a 
characteristic of microbial community of cyanobacteria, 
both in laboratory [45], as well in the field [36, 46]. 
Note that these peculiar microtextures made by 
34 
Figure 9 Fig. 9.  Earth: synthetic stromatolite: A terrestrial synthetic (abiogenic) pseudostromatolite (top, left, sample from McLoughlin et al.,2008*), 
its automatically extracted contours (top, right), its log-log plots (bottom). The characteristic fabric made of microspherules and 
interwined structures present in biogenic stromatolites (Figs. 6, 7), is not present. Morphometric parameters: D0=1.83, D1=1.87, 
L-Z=0.573, Dmin=0.911; the log-log plots are fractals (at different length scales, the microstructure repeats itself perfectly for ev-
ery tested scale [200-5 pixels = 2 mm – 0.05 mm]) but not multifractals like as the biogenic stromatolites or Martian images (Fig. 
4). The image was processed like as the biogenic stromatolites and Martian samples; magnification, also, was the same (±10%).   
*McLoughlin, N., Wilson, L.A., Brasier, M.D., 2008. Growth of synthetic stromatolites and wrinkle structures in the absence of microbes – im-
plications for the early fossil record. Geobiology 6, 95-105.
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microspherule and intertwined filaments are not widespread 
and not equally distributed on the Martian and terrestrial 
samples. They take place especially where lamination gives 
origin to disordered and thrombolytic structures; we had to 
search for them and we found both on stromatolites, but not 
everywhere. For example, on samplings of Lagoa Salgada 
(Table 1, Fig. 6), they are distributed in the lower part of the 
sample, not everywhere; vice versa, they largely occur in the 
La Brava living microbialite (Fig. 2), where there is not any 
lamination. 
As regards the scale of the structures analyzed here, 
we have to note that the metrical range we used for this 
work is at the limit of visible field, between meso- and 
micro- structures: a level that is optimal for automatic and 
mathematical approaches, where point of view or light 
condition less influences the images. 
In this paper, morphometric and  objective analysis 
(measuring geometric complexity, algorithmic complexity, 
entropy and tortuosity of the microtextures, and the 
minimum and maximum diameters of the microspherules) 
shows that the texture indexes and diameter values 
present in the samples of biogenic stromatolites and other 
microbialites, fossil and living samples, are extremely similar 
to those present in MI images taken by the Mars Rover 
Opportunity. Average values and confidence intervals of 
the eight independent fractal parameters between Earth 
(stromatolites and other microbialites) and Mars samples 
perfectly overlap with each other. The probability of this 
occurring by chance is 1/28 (less than p<.004). Fractal 
analysis also reveals  that  the textures,  from microbialite 
images (Earth) and from  the analyzed MI images (Mars), are 
multifractals, as shown by the two straight lines present in 
the log-log plots (Fig. 4). 
Moreover, the peculiar microfabric present in the 
(biogenic) stromatolites or other microbialites has not 
been found in samples of abiogenic (pseudo)stromatolites 
35 
Figure 10 
Fig. 10.  Earth: abiogenic stromatolite : A speleothem (an abiogenic stromatolite: laminated malachite), its contours and its log-log plots. The 
characteristic fabric made of microspherules and interwined structures, present in  biogenic stromatolites (Figs. 6,7), is not present. Fractal 
parameters: D0=1.93, D1=1.94, LZ=0.602, Dmin=0.724; the log-log plots are fractals but not multifractals (compare with Fig. 4). The image 
was processed as the biogenic stromatolites and Martian samples; the scale, also, was the same. 
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(speleothems and synthetic pseudostromatolites); they 
have a simple fractal structure and present a less ordered 
microstructure than that of the terrestrial microbialites or 
Martian samples (p<0.001, Table 3). In effect, even if using 
different approaches, Grotzinger and Rothmann [47] clearly 
showed that the existence of a simple fractal structure reveals 
the abiogenic origin of a (pseudo)stromatolite. 
Wagstaff and Corsetti [23] didn’t find any identification 
of the Martian images collected by Opportunity Rover with 
terrestrial biogenic stromatolites. Differences from our work 
may be simply explained by the small number of Martian 
samples analyzed by the Authors (four!) and- first of all - by 
a quite different scale of observation. The qualification of 
“stromatolites” based on micro- and meso-scales, as in our 
work, is more significant than the the one based on  macro-
scales as used by Wagstaff and Corsetti, the latter one being 
more changing and  more influenced by the local physical 
environment. 
5. Conclusions 
In this work, we performed a morphometric approach to 
evidence the morphological biomarkers in microbialites in 
order to search for the same indexes in the images collected 
by the “Opportunity” Martian rover. Morphology is a valid 
criterion to indicate biogenicity of a stromatolite [48], though 
none, including morphology, carbon isotopic composition, 
carbonaceous makeup, other indexes, has been proven as 
undisputed indicator of biogenicity, if considered alone 
[49, 50]. The existence of abiogenic structures that mimic 
the microbial morphologies of the stromatolites  is also well 
known [51], but the presumptive evidence of microbialites 
on Mars may be stated here by the striking similarity of 
each morphometric index we have obtained by analyzing 
both  the terrestrial and Martian images, also supported by 
statistical analysis (p<.004, overlapping would not happen 
due to chance). 
In conclusion, our results demonstrate the presumptive 
evidence of biogenic microbialites/stromatolites in the 
Martian outcroppings, i.e., the presence of unicellular life on 
the ancient Mars.
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